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For reprints contact: reprints@medknow.com parathyroidectomy may be due to intentional or accidental removal of all parathyroid glands, devascularization or trauma to residual parathyroid glands, long-term suppression of residual nonpathological parathyroid glands, or hungry bone syndrome. [1] [2] [3] Hungry bone syndrome is a condition characterized by rapid, profound, and prolonged (>4 days) hypocalcemia associated with hypophosphatemia and hypomagnesemia which follows successful parathyroidectomy in patients with severe primary hyperparathyroidism. [4] This condition occurs due to the greatly increased skeletal utilization of calcium in the postoperative period. Older age, larger weight of the parathyroid adenomas, radiological evidence of bone disease, and Vitamin D deficiency are associated with increased prevalence of hungry bone syndrome. [5] [6] [7] Among the biochemical parameters, higher preoperative serum calcium level, parathyroid hormone (PTH) level, and alkaline phosphatase levels are associated with higher rates of hungry bone syndrome. [1, 8, 9] In contrast to rest of the world, [10] hungry bone syndrome is a common complication of surgery for primary hyperparathyroidism in India and is observed in 24-87% of patients. [11] [12] [13] [14] [15] This is probably because of severe hyperparathyroidism due to late diagnosis and/ or concomitant Vitamin D deficiency. In recent years, parathyroid surgery has undergone a paradigm shift and most patients are discharged 24-48 h following surgery. Occurrence of hungry bone syndrome leading to severe hypocalcemia in the postoperative period often increases the duration of hospital stay. Hence, it is important for both the treating endocrinologist and the operating endocrine surgeon to recognize the patients at risk for hungry bone syndrome and implement some measures to prevent or decrease the severity of hungry bone syndrome in these patients.
There are varying reports on the use and efficacy of bisphosphonates in the prevention of hungry bone syndrome. Few studies have documented the benefit of bisphosphonates in preventing hungry bone syndrome after surgery for primary hyperparathyroidism, whereas although rarely, some also report worsening of postoperative hypocalcemia with preoperative bisphosphonate therapy. [16] [17] [18] [19] [20] [21] Hence, we have analyzed the efficacy of zoledronic acid to prevent hungry bone syndrome in our patients with primary hyperparathyroidism.
methodS
This retrospective study was conducted at Vydehi Institute of Medical Sciences and Research Centre. A written informed consent was obtained from each participant and study approval was obtained by the Institutional Ethics Committee.
A total of 19 patients were operated for primary hyperparathyroidism at our institute between January 2013 and June 2015. Between January 2013 and December 2013, eight patients underwent surgery for primary hyperparathyroidism, but they did not receive preoperative bisphosphonates. Between January 2014 and June 2015, 11 patients underwent surgery for primary hyperparathyroidism and received zoledronic acid 4 mg, 24-48 h preoperatively.
All patients with primary hyperparathyroidism have undergone baseline serum calcium, phosphorus, alkaline phosphatase, creatinine, albumin, urinary calcium-tocreatinine ratio, skeletal radiographs, and ultrasound neck and sestamibi scintigraphy. Computerized tomography of the neck was performed in four patients where there were discordant results between ultrasound neck and sestamibi parathyroid scintigraphy. Postoperatively, all patients were tested for serum calcium and serum phosphorus levels at 6 h and 24 h, every day till discharge and then every 1-2 weekly till normalization of serum calcium and serum phosphorus. All patients with symptomatic hypocalcemia were managed initially with intravenous calcium followed by high doses oral calcium and calcitriol.
Statistical analysis
The data were represented as mean ± standard deviation or percentages as appropriate. Continuous variables between the two groups were analyzed using independent t-test and categorical variables were analyzed using Fisher's exact test. P <0.05 was considered statistically significant.
reSultS
Among the 19 patients with primary hyperparathyroidism, 15 patients had single parathyroid adenoma, one had parathyroid carcinoma, one had triple adenoma (hyperparathyroidism-jaw tumor syndrome), two had double adenoma, and one had hyperplasia of all four glands (multiple endocrine neoplasia-1). The ultrasound neck and sestamibi scintigraphy were concordant in all patients with single adenoma and the one patient with parathyroid carcinoma. Preoperative and postoperative characteristics of the two groups with and without preoperative zoledronic acid therapy are summarized in Table 1 . There was no significant difference between the two groups with respect to age, gender, duration of symptoms, preoperative serum calcium level, phosphorus level, PTH level, and alkaline phosphatase level. Even the presence of radiological evidence of hyperparathyroid bone disease also did not differ between the groups. Three out of the eight patients who did not receive preoperative zoledronic acid therapy had hungry bone syndrome, whereas none in the zoledronic acid group had hungry bone syndrome. The prevalence of hungry bone syndrome tended to be lower in the zoledronic acid group (P = 0.058). The need for intravenous calcium and duration of postoperative hospital stay were significantly lesser in the zoledronic acid group.
dIScuSSIon
Our study demonstrates that preoperative zoledronic acid therapy significantly reduces the need for intravenous calcium and duration of postoperative hospital stay. Although the difference between the prevalence of hungry bone syndrome between the two groups was not statistically significant, it tended to be lower in the zoledronic acid group. Lack of this statistical difference is most likely due to a small number of participants in the study. Few case reports initially demonstrated that preoperative treatment with pamidronate or alendronate ameliorates hungry bone syndrome in severe, prolonged primary hyperparathyroidism. [16, 17] The first comparative study was reported by Lee et al. In this study, despite the similar baseline serum calcium, PTH, and alkaline phosphatase levels between the two groups, none of the patients who received preoperative oral clodronate 400-1600 mg/day or intravenous pamidronate 60 mg/day developed hungry bone syndrome compared nine of 17 patients who did not receive bisphosphonates.
[18] The efficacy of bisphosphonates in preventing hungry bone syndrome was also supported by other retrospective studies. In a study by Malabu and Founda including 46 patients with severe bone disease, who were treated with intravenous zoledronate preoperatively where the rate of hungry bone syndrome of only 4%. [19] Another retrospective study by França et al. including six patients with radiological features of osteitis fibrosa cystica, who were preoperatively treated with bisphosphonates (oral alendronate 20-30 mg/day for 4-6 weeks or 25 a single dose of pamidronate 90 mg or ibandronate 150 mg intravenously), reported that none of the patients needed postoperative intravenous calcium supplementation. [20] However, bisphosphonate therapy may not be completely effective in preventing hungry bone syndrome in all participants as reported by few authors. [21] [22] [23] [24] The first limitation of the study is its retrospective nature. Second, the study includes a small number of participants in either group. Third, Vitamin D deficiency which is a well-known risk factor for hungry bone syndrome is not studied. Fourth, benefits of preoperative zoledronic acid to reduce the rates of hungry bone syndrome in our study group may be due to a larger proportion of severe hyperparathyroidism having radiological evidence of primary hyperparathyroidism; hence, these benefits may not be applicable to patients with mild primary hyperparathyroidism.
concluSIon
Preoperative intravenous zoledronic acid significantly reduces the need for intravenous calcium therapy and duration of postoperative hospital stay and seems a promising option to reduce the rate of hungry bone syndrome in patients with primary hyperparathyroidism.
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